The discrepancy between experimental and theoretical total electron-impact ionization crossrecently reported by Haaland et ai. in the region below dication formation.
(3) from diverging at ro = 0. Note that the dipole Bethe cross-section used in the BED model [3] to describe dipole interaction is a high-energy approximation.
At the limit of very high energies, only glancing collisions are important.
Thus the dipole Bethe cross-section only accounts for the long-range dipole interaction in Eq. (3), but not the short-range shielding of the dipole potential in Eq. (4).
For the ionization of an electron out of the orbital o in the target to the ion state p, the iBED cross-section is given by
Here apod3 is the dipole Born cross-section and Crpo BE is a modified Mott cross-section with the incident electron energy replaced by the average energy from the binary-encounter model. The
Mott cross-section is a generalization of the Rutherford cross-section for Coulomb scattering by taking into account exchange. The direct term in the Mott cross-section is associated with the _.=0 term in Eq. (1). Crpo BE is referred to as the binary-encounter cross-section by Kim and Rudd [4] but is different from the binary-encounter cross-section of Vriens [11] . It is given by
In . ko I ko o ko (7) Here No is the occupation number of the orbital, C_ois twice the magnitude of its binding energy, _2 twice its kinetic energy, and ko the momentum of the incoming electron. 
Here Ep and kp are the energy and momentum of the ejected electron, Wpo the excitation energy, K the momentum transfer of the scattering electron, and dfpo(°)(Ep)/dEp the optical oscillator strength (OOS) for the corresponding photoionization process. The parameters dj and d2 are related to the shielding of the dipole potential, and the variable t is given by
The total single ionization cross-section of a molecule is given by
The calculation of iBED cross-sections requires the OOS for the corresponding photoionization process, the binding energy and the kinetic energy of the electron being ejected, and the shielding parameters dl and d2. In the case when the OOS is not available, an approximation expression has been proposed based on the f-sum rule [10] .
In the simplified version of the iBED model (siBED), Eq. (11) is used to represent the OOS. The siBED model is used for all CFx and NFx calculations reported in this paper.
Choice of dl and d2
In principle, [ 13, 14] and Rapp and Englander-Golden [15] using the iBED model [10] . (Note that a recent recalibration of the apparatus by the Rice group results in data that differ slightly from those in the original publication [16] ). For both N2 [10] and CO [17] , the optimal choice of the two parameters are dl = -2.0, d2 = 0.4. The parameter d: is found to be important to in determining the shape and magnitude of the cross-sectionsnearthe peak of the cross-section versus energycurve. The negativevalue denotesa repulsive correction to the purely attractive long-range dipole potential as the scattering electron enters the molecular charge cloud. The parameter d2 does not play any significant role until the incident electron energy is above 100 eV. It provides a small attractive correction to dl as the scattering electron moves close to the nuclear centers.
In the present study, we determine di and d2 by comparing the molecular property f_ for CF and NF with CO. The propertyfe is defined by There is little guidance available in choosing the parameter 4. However, the role of _ is insignificant until the incident electron energy is above 100 eV. We slightly modify the d2 of CO to reflect the diminished attractive potential in the inner region of the fluorides and use d2 = 0.3.
Calculationof molecularparameters
The binding energies and kinetic energies of the target electrons have been determined using 
Analysis of experimental data
We carefully re-analyzed the originally reported experimental cross section data for all six free radicals in an effort to ensure that systematic effects that may influence the proper determination of the total single ionization cross sections are fully accounted for to the maximum extent possible. The total single ionization cross section for each free radical is obtained as the sum of all measured partial ionization cross sections.
The sum of all partial ionization cross sectionsfor a giventargetwill only yield the "correct" total singleionization crosssection,if all channelsleadingto the formation of one singly chargedpositive ion are properly taken into account. This requiresestimatesfor contributions to the total singleionization cross section from partial ionization channelswhose cross sectionswere not or not accuratelymeasured because of weaksignalsand/orsignificantexcesskinetic energythat precludesa 100%collection of a specificfragment ion. Another issueis the presenceof (positive) ion -(positive) ion pair formationprocesses whosecontributionsto the total singleionization cross sectionhave to be discountedwhich requiresthat their respectiveabsolutecrosssectionsand energydependences haveto bedeterminedor estimated.In the courseof thepresentwork we re-analyzedall original datafiles relatingto themeasurements of the CFxandNFx partial ionization crosssectionsin an effort to obtain the most reliable experimental total single electron impact ionization cross sectionsfor thesesix freeradicals. [23] are also presented. Note that all BEB cross-sections have been calculated using the molecular parameters determined in this study. The cross sections therefore differ slightly from the BEB calculations reported by Kim and Irikura [24] . For all six molecules, the siBED cross-sections and the revised experimental cross-sections agree to within experimental error. For CF2, CF3, NF2 and NF3, the agreement is very good and the two sets of cross-section curves almost lie on top of each other. The agreement is less satisfactory for CF and NF where the siBED cross-sections are consistently larger than the experimental values. However, as pointed out in the original papers by Tarnovsky et al. [7, 9] , the atomic fragment ions resulting from the dissociative ionization of these two diatomic radicals are formed with significant excess kinetic energy. It is, therefore, difficult to quantify the collection efficiency of the fragment ions in these cases and the reported experimental ionization cross sections for NF and CF should be considered a lower limit [7, 9] .
Results
Our cross-sections for NF3 also agree well with the data of Haaland et al. [23] Figs. 1 and 2 , calculations using the BEB and DM models consistently overestimate the crosssections for this group of fluorides.
Conclusions
The agreement between experiment and the siBED model suggests that the long-standing discrepancies between theory and experiment in the total single ionization cross-sections for CF×
and NFx (x=l-3) are due to an inadequate description of the electron interaction potential in previous theoretical models. [22] . 
Figure captions

